Abstract >> To determine the performance characteristics of motorcycle engine using biogas for practical use, the intake system of a 110 cc motorcycle engine is properly modified to operate with biogas as a fuel. Biogas is a potentially renewable fuel for replacing gasoline in future, but it has high percentage of CO2 that could lead to slow the burning rate of biogas-air mixture and cause instability in combustion. Thus, the performance characteristics of biogas-fueled motorcycle engines could be different from those of gasoline motorcycle engines. In this paper, the important parameters of performance characteristics (such as: power output, thermal efficiency, fuel consumption, exhaust emission,…) of biogas-fueled motorcycle engine are studied and estimated with change of engine speed and load. The obtained results when operating with biogas are used to compare with that of gasoline fuel under the same operating conditions. Engine speed in the experimental is changed from 1500 rpm (idle-mode) up to 3500 rpm by a step of 500 rpm. Engine load is changed from zero to maximum load with the help of an exciting voltage device from generator-type dynamometer. The experimental results show that the tested engine operated with richer biogas-air mixture than that of gasoline-air mixture under the same test conditions. Biogas-fueled engine gives a higher fuel consumption and lower thermal efficiency under the same power output. Brake thermal efficiency of biogas engine is found to be about 3% lower than gasoline-fueled motorcycle engine for whole range of speed. Exhaust emission of biogas-fueled motorcycle engine (such as: CO, HC) is found to be lower than the limitation level of the emission standards of Vietnam for motorcycle engines (CO <4.5% HC <1200 ppm).
Introduction
The resource limitation of fossil fuels and the problems of air pollution arising from their combustion have led to widespread researches on the accessibility by new and renewable energy resources. Biogas could be produced from the waste (manure and water) of pig farms with the help of the anaerobic digesters.
It is a gas mixture comprising methane gas (CH4) In Vietnam, many previous researchers have applied biogas as a fuel for power generation system in agricultural area. Conventional gasoline / diesel engine is also modified to run with biogas 1, 2) . In recent years, biogas has been gradually considered to apply to supply for the small capacity generators 3, 4) . The last type of internal combustion engine generators using biogas to be renovated or switching from diesel 5) or gasoline engine 6) . These products have been partially 
The tests and estimation of engine performance characteristics (like brake power, thermal efficiency, specific fuel consumption, exhaust emissions,…) of biogas power generation system/internal combustion engines are limited by the lack of specially testing devices and measuring equipments.
To expand the capacity of biogas application, biogas should be used as fuel for internal combustion engines 2. Experimental setup and method
Experimental setup
To determine the performance characteristics of a 110CC motorcycle engine, two separated tests are carried out in the laboratory and at project site where biogas is supplied from the anaerobic digesters, respectively. For the first case, all tests are performed for motorcycle engine fueled with gasoline ( Fig. 1) and for the second case ( Fig. 2 and Fig. 3 ), all tests are done with biogas in the same engine. 
Dynamometer
Dynamometer is a generator-type one that includes resistance-type electrical load system and device for exciting voltage (DEV). Voltage (V) and current (I) produced is measured by load system, where U & I is used to estimate the brake power. DEV help to change to the exciting voltage for dynamometer.
Laminar air flow meter
Air mass flow is measured by a sensy flow meter.
A valve type is manually used to control air/fuel rates supplied to the intake manifold of test engine.
Biogas mass flow meter
The biogas flow rate supplied to the engine is measured by a biogas mass flow meter. A ball-type valve is installed for manually control.
Performance parameters

Brake power
The brake power is measured by using:
Where P is the brake power is developed by the engine, kW; V (Volt) is the voltage produced, V; and I (A) is the current produced.
Brake specific fuel consumption
The mass of fuel consumed was determined by multiplication of the volumetric fuel consumption to its density. In the present set up volumetric fuel consumption for biogas and methane enriched biogas was measure by using a fuel flow meter and then calculated for mass of gas consumption using density of biogas. For gasoline case, the fuel consumption is 
Where BSFC (g/kW.h) is the brake specific fuel consumption; M (g/h) is the mass of fuel consumed;
and P (kW) is the brake power.
Brake thermal efficiency
The brake thermal efficiency of the engine on gasoline and biogas at different operating loads was determined by using: 
Relative air/fuel ratio
The estimation of the relative air/fuel ratio was calculated using data of actual air mass flow rate and fuel consumption rates of the engine at operating points and is determined by:
Actual air Fuel ratio Stoichiometric ai Fuel ratio
λ − − = − −
Results and discussion
3.1 Effects of engine speed
Brake power
In this study, the test engine is installed on the motorcycle engine experimental system. Brake power of engine is measured by an AC dynamometer. The experiments are conducted at the same conditions with biogas and gasoline. Fig. 5 shows, when engine speed increases from 1500 to 3500 rpm, the brake torques for both cases increase. However, the difference in brake power at each operating point is lower than 5%. Engine speed is set at 1500 rpm (idle speed), 2000, 2500, 3000, 3500 rpm.
Theoretically, brake power of same engine fueled with gasoline is higher than that using biogas, because gasoline has higher LHV (Lower Heating Value) (43 MJ/kg) than biogas (27 MJ/kg). In this research, however, brake power (determined by Varying trends and causes of intake air and gasoline supply in Fig. 7 are quite similar to those shown in shows that the supplied amount of biogas is higher than gasoline at the same experimental conditions (with the same brake power at each engine speed). This demonstrates that the motorcycle engine operated with biogas needs higher fuel consumption than gasoline operation. To produce the same brake power, in other words, the engine using biogas-air mixture is burned denser than gasoline-air mixture. The main reason, as explained above, is due to lower calorific value of b iogas in comparison with gasoline. This is indicated for brake specific fuel consumption in Fig. 8 .
Brake specific fuel consumption (BSFC)
As shown in Fig. 8 , for each engine speed, the BSFC of engine operated with gasoline is lower than that operated with biogas. At idle speed of 1500 rpm, BSFC for two cases is almost similar without load conditions. Measurement and estimation at idle speed is used as an important reference for estimation of CO and HC emission that is below discussed. When speed engine increase from 2000 to 3500 rpm, the difference of BSFC is about 40%. This is caused by the increase of consumpted fuel for the operation of 
Thermal efficiency
Thermal efficiency of engine is inversely proportion to BSFC tendency and LHV of tested fuel.
In Fig. 8 , the BSFC of engine using biogas is higher than that of using gasoline. Thus, for whole range of than the burning of gasoline-air mixture because gasoline has higher hydrocarbon in composition (equivalent gasoline as C8H18). This result shows that the conversion of CH4 into CO2 in the combustion products of biogas-air is less than gasoline operation This is because at the higher speed under high load conditions, the combustion temperature is higher, this is a good condition to form NO x emission and based on Fig. 11 the increasing of NOx in engine using gasoline is higher than that in engine using biogas. The main reason is the combustion temperature of engine using gasoline is higher (with higher calorific value) than biogas case. In addition, high levels of CO 2 in the biogas reduced the temperature of burning biogas-air mixture.
Exhaust emission
Effect of load conditions
Biogas mass flow
Effect of load (brake power) on the variation of biogas mass flow is shown in Fig. 12 . When load increases, the amount of biogas increases linearly. At each point of load, higher engine speed, higher biogas mass flow due to higher volumetric efficiency. This may be caused by the increase of volumetric efficiency at high speed. Also, when engine load increases, BSFC decreases. 
Brake specific fuel consumption (BSFC)
Exhaust emission
Conclusions
Performance characteristics of a motorcycle engine using biogas are estimated and compared with using HC is <1200 ppm and CO was <4.5%).
